Purpose What are the experience, approach, and knowledge of US Obstetricians and Gynecologists' (ob-gyn) towards counseling patients on reproductive aging (RA) and elective fertility preservation (EFP). Methods A cross-sectional survey emailed by the American College of Obstetricians and Gynecologists (ACOG) to 5000 ACOG fellows consisting of 9 demographic and 28 questions relating to counseling patients on RA and EFP.
Introduction
A woman's age and ovarian reserve are critical factors to her fertility status. The probability of a live birth decreases with advancing age due to a quantitative and qualitative decline in a woman's follicular pool [1] [2] [3] . Over the past several decades, women have increasingly delayed childbearing [4] , citing social reasons including professional/educational goals, financial barriers, and lack of a partner [5] [6] [7] . Delaying childbearing makes their fecundity susceptible to the natural process of reproductive aging (RA). In a decade spanning from 2005 to 2014, there has been an approximate 64% increase in in vitro fertilization (IVF) cycles reported to the Center for Disease Control, alongside an increase in the diagnosis of diminished ovarian reserve as an etiology for IVF from 12 to 32% [8] . Unfortunately, even with the use of IVF, live birth rates per fresh IVF cycle using autologous oocytes in the USA during 2014 are below 10% in women ≥ 41 years old [9] .
Fertility preservation (FP), including oocyte and embryo cryopreservation, provides a means of potentially circumventing RA. The first successful birth following embryo cryopreservation was in 1984, followed by the first birth using oocyte cryopreservation (OC) in 1986 [10] . The field of OC has advanced rapidly over the Electronic supplementary material The online version of this article (https://doi.org/10.1007/s10815-018-1273-7) contains supplementary material, which is available to authorized users. past several decades with studies revealing IVF success rates using OC similar to those following insemination of fresh oocytes [11] [12] [13] [14] [15] . Additionally, available evidence indicates that offsprings born following OC are not at increased risk of chromosomal abnormalities, congenital anomalies, or adverse obstetrical outcomes [16] [17] [18] [19] [20] . Success rates and safety profile of OC led to removal of the Bexperimental^label by the American Society for Reproductive Medicine (ASRM) in 2013 [21] .
Despite the promise that elective FP (EFP) holds for women delaying childbearing, knowledge on its availability and accurate information on the effects of RA are lacking amongst reproductive aged women. Surveys from multiple countries consistently reveal that reproductive aged women underestimate the effect of fertility decline with aging and overestimate the success of assisted reproductive technologies to circumvent infertility [22] [23] [24] [25] [26] . This may be attributed to suboptimal counseling, as a survey of U.S. obstetrician-gynecologist (obgyn) residents revealed that although over 80% believe that a conversation regarding age-related fertility decline should be initiated by an ob-gyn, nearly 50% overestimated the age at which there is a marked decline in a woman's natural fertility and over 50% overestimated the success of IVF [27] .
A visit to an ob-gyn during a woman's early reproductive lifespan provides an ideal opportunity to counsel on RA and, if interested, on EFP. Providing patients with accurate knowledge on these subjects will enable women to make informed decisions relating to their reproductive autonomy and maximize their reproductive potential. Thus, the focus of our study was to assess ob-gyns' experience, approach, and knowledge towards counseling patients on RA and EFP. To our knowledge, this is the first study evaluating these topics specifically amongst postresidency ob-gyns primarily practicing in the USA.
Materials and methods

Study design
This study was conducted in collaboration with the research department of the American College of Obstetricians and Gynecologists (ACOG) and was approved by the Albert Einstein College of Medicine Institutional Review Board. An email was sent via the survey platform Qualtrics to 5000 computer-generated randomly selected ACOG Fellows. This invitation to participate contained a personalized link to the survey along with an introductory paragraph describing the nature and purpose of the survey; Fellows were informed that participation was entirely voluntary and responses were anonymous. Completion of the survey was taken as implied consent. The survey was distributed over a 6-week period from October 2016 to December 2016, with an initial email followed by five weekly reminder emails sent to non-responders who had not opted-out of the study.
The survey was comprised of 37 questions, including 9 demographic questions. Questions assessed for ob-gyn approach and experience towards counseling patients on RA and EFP (embryo and/or OC), perceived barriers towards counseling patients on these subjects, and factual knowledge related to RA and OC. Questions were in a multiple-choice format and yes/no format. Some multiple-choice and yes/no questions also included an Bother^choice, in which the responders were able to type an answer. The survey was constructed to be completed in less than 10 min. Responders did not have to answer all questions to complete the survey and were only allowed to complete the survey once.
The questions were compiled based on clinical experience of the authors in the fields of Obstetrics and Gynecology and Reproductive Endocrinology related to RA and EFP. Factualbased questions were derived from published data in peerreviewed journals. A pilot survey was initially sent anonymously to a small group of practicing ob-gyns and the survey was further refined based on the results and feedback of the pilot survey.
Statistical analysis
Data were collected in an excel spreadsheet and statistical analysis was performed using STATA version 14.0. Chi square or Fisher's exact tests, as appropriate, were used to compare categorical data between groups. Logistic regression analysis was performed to identify demographic factors that affect correct responses to chosen factual questions. Cronbach's alpha value, which is used to determine internal validity of the survey, was calculated and found to be 0.79 for all questions and 0.83 after eliminating the knowledge-based questions. These values demonstrate internal validity of this survey. Continuous data are presented as mean ± standard deviation. P value < 0.05 was considered statistically significant.
Results
Of the 5000 surveys distributed, 122 opted out and 31 of the recipients had invalid emails. Amongst the remaining 4847, there were 784 responders for a response rate of 16.2%. Thirteen of those 784 responders stated that they were residents and were excluded from the analysis, for a total of 771 analyzable responders. Table 1 contains demographic characteristics of the responders. Approximately two-thirds (68.8%) of the responders were female. Average age was 47.4 ± 11.3 years old and average years out of residency were 15.0 ± 11.0 years. The majority (69.6%) described their racial/ ethnic group as White with the next most frequent being Hispanic (9.1%). Most practiced either general ob-gyn or gynecology only (89.6%), with only 10.4% practicing obstetrics only. The majority did not identify with being board certified/ eligible for subspecialties (82.5%), whereas of the 17.5% that identified as subspecialists, the most frequently identified subspecialty was maternal fetal medicine (7.9%), and only 1.8% identified as reproductive endocrinologists. The geographical distribution represented ob-gyns from all 50 US states, with the southern region being the highest represented (32.4%).
Counseling on reproductive aging
The full questionnaire is included in the Supplemental Appendix. Data pertaining to counseling patients on RA are shown in Table 2 . The majority of responders (82.8%) either strongly or somewhat agreed that at some point during a woman's reproductive lifespan, a conversation should take place with her ob-gyn regarding fertility decline with aging. However, during annual exams only 27.7% of ob-gyns either most of the time or always counsel patients on RA desiring future reproduction in women aged 18-34 years old compared to 75.8% in women aged 35-44 years old (P ≤ 0.01). When asked whether there was a specific age at which they typically begin to discuss age-related fertility decline, 51.3% responded yes with a mean age of 33.6 ± 3.1. Frequently reported minor or major barriers to counseling patients on RA were limited time (75.8%) and limited knowledge (41.5%).
When asked when a significant decline in fertility occurs, the most frequent answer was between 35 and 37 years of age (39.4%); however, 38.6% overestimated the age with 9.3% stating between 41 and 44 years old. Over half of responders overestimated the live birth success rates per cycle of IVF in women grouped into, 41-42 years old, 43-44 years old, and > 44 years old, at 57%, 52.3%, and 51.2%, respectively. The majority (87.9%) felt comfortable performing an infertility evaluation. Of those that felt comfortable, 54.8% stated that they would perform an evaluation immediately for a couple in which the woman trying to conceive is 40 years old, 45.2% 
Correlation between male and female responders, years out of residency, and answers to factual questions
Answers for factual questions were compared amongst male and female responders, and years out of residency, categorized by 0-3, 4-10, 11-20, 21-30, and over 31 years (Supplementary table II) . Correct answers related to IVF success rates were given by significantly more woman compared to men (P < 0.01). Additionally, for the question related to the age at which a significant decline in fertility occurs, there was a significant difference in correct responses categorized by year out of residency (P = 0.04) and in women compared to men (P < 0.01); however, when logistic regression analysis was performed controlling for sex of responders, years out of residency was not correlated to the knowledge of age at which significant decline in fertility occurs.
Discussion
As primary providers of women's healthcare during their reproductive years, ob-gyns' experience, approach, and knowledge towards counseling patients on RA and EFP are crucial to evaluate. The vast majority of responders stated that they practiced either gynecology only or general ob-gyn, which represents the ideal provider to counsel women on RA and EFP. Consistent with recent sociological trends in delaying childbirth [4] , slightly over half of responders stated that they frequently encounter patients desiring childbearing, however, delaying due to social reasons. It is reassuring that a large majority of ob-gyns in this survey agree that at some point in a woman's reproductive lifespan, a conversation should take place with her ob-gyn regarding RA. This is consistent with a study evaluating residents' attitudes towards counseling patients on RA, as 83% of surveyed US residents believed that an ob-gyn should initiate a discussion relating to agerelated fertility decline [27] . Counseling patients on RA is of great importance to a woman's reproductive autonomy as studies from many countries have consistently shown that accurate fertility knowledge is lacking amongst reproductive aged women [22, [24] [25] [26] 28] , as highlighted in a study of over 10,000 reproductive age men and women from 79 countries with average score of 51.9% on a fertility knowledge questionnaire [29] .
Although a large percentage of responders agree that at some point during a woman's reproductive lifespan, a conversation should take place regarding RA, actual practice may not be reflective of their beliefs, which may be explained by the age of the patient. A significant discrepancy was reported between the ages at which responders would most of the time or always counsel women on RA at 35-44 years old compared to 18-34 years old (75.8 vs. 27.7%, respectively). These discrepant findings may reflect the broad age range of 18-34 years old used in this survey, as approximately half surveyed stated that there was a specific age they would bring up RA, with a mean age of 33.6 ± 3.1 years old. With that stated, it is important that patients obtain counseling on RA during their peak reproductive potential and prior to when a steep decline in fecundity occurs, on average in mid to late 20's and 35-37 years old, respectively [30] [31] [32] [33] [34] [35] [36] [37] . Women at risk for an accelerated decline in fertility warrant earlier counseling particularly in patients with a family history of premature ovarian insufficiency, fragile X premutation, history of chemotherapy or pelvic radiation, severe endometriosis, history of ovarian surgery, history of pelvic infection, and heavy smoking [38] [39] [40] [41] [42] .
In light of current demands in medical practice, it is no surprise that an overwhelming majority of responders reported time as a barrier to counseling patients on RA. It may be best to set up a separate counseling session or refer to a reproductive endocrinologist for appropriate counseling. A thorough counseling session on RA should include increased risks of pregnancy complications in older mothers including preeclampsia, preterm birth, low birth weight, placenta previa, cesarean section, increased risk of chromosomal abnormalities, and increased risk of miscarriage [43] [44] [45] [46] . In light of time constraints, a dedicated clinic to discuss factors related to protecting fertility could be of benefit. A fertility assessment and counseling clinic in Denmark has been established specifically with the aim of protecting fertility in patients not currently struggling with infertility [47] . An initial evaluation of patients attending this clinic revealed that 99% of women found it useful and 70% wanted estimates on years available to postpone motherhood. Curiously, 35% stated that they would advance the decision to become pregnant following consultation [47] . Although generally not covered by insurance, OC has been proven cost-effective in women delaying their childbearing to their late reproductive years. A mathematical model revealed that OC performed by age 37 years old would be more cost-effective than no action [48] , whereas another model revealed it to be cost-effective by 35 years old [49] .
Limited knowledge was another frequently reported barrier towards counseling on RA and EFP, at 41.4 and 59.9%, respectively. Consistent with self-reported limited knowledge, more than half of the responders were unaware that OC is not considered experimental by ASRM [21] and slightly over one third overestimated the age at which a significant decline in fertility occurs.
A common misconception is that IVF can circumvent a woman's natural decline in fertility that occurs in the 5th decade of life [50] . In the USA, live birth rates per cycle of IVF reported to the CDC in 2014 using autologous oocytes were 37.1% in women younger than 35 years old, decreasing to 9.7% in women 41-42 years old, 3.8% in 43-44 years old, and 1.2% in women over 44 years old [9] . Our survey demonstrated that ob-gyns overestimate the success of IVF in women over 40 years old, with over 50% overestimating IVF success rates in women aged [41] [42] [43] [44] , and over 44 years old. Additionally, the majority of responders stated that they felt comfortable performing an infertility evaluation; however, of those that felt comfortable, 45.2% would wait 3 or more months and 22.9% would wait 6 months before performing an infertility evaluation in a couple in which the women is 40 years old. This delay in evaluation for women over 40 years old is consistent with underestimating the marked decline in fertility that occurs as a woman enters her 5th decade of life. Indeed, ACOG and ASRM recommend immediate infertility evaluation in women attempting to conceive older than 40 years old [35] .
Embryo and/or OC have been proposed as a method to circumvent RA. A major benefit of OC over embryo cryopreservation is the absence of a need for a suitable partner, which is a reason commonly cited by women to delay childbearing [5, 51, 52] . Despite its availability, many reproductive aged women are unfamiliar with OC [53] . Although the majority of responders believe that a conversation should take place regarding EFP in patients delaying childbearing for social reasons, in practice only, a little more than a quarter stated that they counsel these patients most of the time or always. The discrepancy may be age-related as the question did not specify an age; however, when asked if there was a specific age at which they bring up FP, only a little more than a quarter stated yes, with the average age of 34.2 ± 2.8 years old. These findings are consistent with a study revealing that only 25% of women undergoing elective OC (EOC) learned about the technology from their ob-gyn [5] , with 79% stating that they wished they had undergone EOC at an earlier age [5] . Patient knowledge relating to the availability of EFP may be shifting as over half of responders have been asked by patients about EFP; of those that did, nearly one quarter have been asked on a monthly or greater basis.
The main limitations of this study include the relatively low response rate and use of an unvalidated survey. The low response rate can introduce bias and thus the results may not accurately represent the views of US ob-gyns related to counseling patients on RA and EFP. Additionally, demographics related to non-responders are not available and therefore, comparisons of demographics and baseline characteristics between responders and non-responders cannot be made. Although the magnitude of this bias cannot be assessed, this is the first study of its kind and provides very important information that can be used to improve counseling methods related to RA and EFP. Cronbach's alpha was calculated as 0.79 when incorporating all questions, indicating an acceptable level of reliability and internal consistency of the questionnaire [54] . Further studies from a sample known to represent US ob-gyns' demographics/characteristics may be of value to further evaluate the experience, approach, and knowledge related to counseling patients on RA and EFP.
In conclusion, this is the first US survey specifically targeting post-residency ob-gyns on their experience, approach, and knowledge towards counseling patients on RA and EFP. Findings from this study indicate that a large majority of ob-gyns believe that counseling patients on RA and EFP is important, however, in practice fewer counsel. This may be related to limited time and knowledge constraints, indicating the need for improved counseling methods. Empowering women with accurate information relating to RA and EFP will help guide them make the most appropriate decisions regarding their reproductive potential. The past half-century has seen a revolutionary change in reproductive autonomy with easy access to contraception and legalization of abortion; however, with sociological norms shifting to delayed childbearing, an integral component of a woman's reproductive autonomy and choice is to arm her with information relating to RA so that she can make pro-fertility decisions regarding her reproductive future.
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